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(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the pass band 
characteristics and the attenuation characteristics of the 
SAW filer by making a Af adjustable of each SAW device 
formed on a piezoelectric substrate. 
SOLUTION: The surface acoustic wave SAW device D1 
is formed by forming at least a couple of inter-digital 
transducers IDTs on a principal surface of a piezoelectric 
substrate, and a relation of 0.04<w2/w1<0.20 is 
established, where w1 is a length of an electrode finger 
30a of the IDT electrode 30 and w2 is an interval 
between the tip of the electrode finger 30a and a bus bar 
30 of the opposed IDT electrode 30. Then a small 
el^trodeJinger ^Ob is projected from the bus bar 30c 
toward to the interval. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the surface acoustic wave equipment and the surface 
acoustic wave filter which are used as the resonator built in communication equipment, such as a 
cellular phone and a cellular phone, or a frequency band filter. 
[0002] 

[Description of the Prior Art] Conventional surface acoustic wave (by Surface Acoustic Wave, it 
abbreviates to SAW hereafter) equipment D is shown in drawing 3 . In this drawing, 35 consists of 
aluminum etc. The IDT (Inter Digital Transducer) electrode of a ctenidium-like electrode, The bus bar 
whose 35a is a common electrode for the electrode finger of the IDT electrode 35 and 35b to prepare 
two or more electrode finger 35a, 36 is the reflector which it is arranged [ reflector ] to the both ends of 
the SAW propagation path of the IDT electrode 35, and resonates SAW efficiently, and wl. The die 
length of electrode finger 35a, and w2 It is spacing of electrode finger 35a and bus bar 35b of the other 
party, in addition, these components — LiTa03 etc. - what is formed on a piezo-electric substrate (not 
shown) — it is -- moreover, the logarithm of electrode finger 35a — several 10 - a number — the number 
of 100 pairs and the electrode finger of a reflector 36 - several 10 - a number - in order to attain to 100, 
it has simplified and drawn in this drawing. 

[0003] Moreover, the circuit diagram of three steps of conventional ladder mold (ladder mold) SAW 
filters Fl is shown in drawing 5 . On the piezo-electric substrate 1, this ladder mold SAW filter Fl 
connects by turns, and constitutes the serial SAW resonators 2a-2c and the juxtaposition SAW 
resonators 3a-3c. In addition, in this drawing, the circuit pattern to which 4 connects the serial SAW 
resonators 2a-2c and the juxtaposition SAW resonators 3a-3c, and 5 are the wires for connecting with an 
external drive circuit etc. 

[0004] the above -- SAW -- equipment (SAW resonator) ~ D -- drawing 4 R — > - four -- being 
shown -- as - a frequency an impedance -- the minimum - becoming -- resonance frequency -- (- fr - 
-) - ten - reverse - an impedance « the maximum -- becoming — antiresonant frequency - (— fa --) ~ 
1 1 — having - a duplex — the resonance characteristic — being shown . In this drawing, 9 is the 
impedance |Z|-frequency characteristics (henceforth an impedance characteristic) of a SAW resonator, 
and 12 is equivalent capacity. And about above-mentioned ladder mold SAW filter Fl, as shown in 
drawing 6 , it is proposed by bringing close and setting it as extent which resonance frequency 7a of the 
serial SAW resonators 2a-2c and antiresonant frequency 8b of the juxtaposition SAW resonators 3a-3c 
do not intersect that the band-pass filter which makes it 7f of passbands near [ these ] the frequency can 
be constituted (refer to JP,6-232682,A). 

[0005] In addition, in drawing 6 , 7 is the antiresonant frequency of the serial SAW resonators 2a-2c in 
case steepness has been improved by this invention so that the impedance characteristic of the serial 
SAW resonators 2a-2c and 7b may mention the antiresonant frequency of the serial SAW resonators 2a- 
2c, and 7c later. Moreover, 8 is the resonance frequency of the juxtaposition SAW resonators 3a-3c in 
case steepness has been improved by this invention so that the impedance characteristic of the 
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juxtaposition SAW resonators 3a-3c and 8a may mention the resonance frequency of the juxtaposition 
SAW resonators 3a-3c, and 8c later. 

[0006] And in the SAW filter for communication equipment, such as a cellular phone, requirement 
specification designs the impedance characteristic of a SAW resonator the optimal. As a typical 
parameter which determines the impedance characteristic of a SAW resonator, there are resonance 
frequency fr, antiresonant frequency fa, deltaf=fa-fr, and equivalent capacity, the design of the IDT 
electrode 35 of a SAW resonator can adjust these parameters, fr can be controlled by the electrode finger 
35a pitch of the IDT electrode 35, and equivalent capacity can be controlled by the crossover width of 
face (wl-w2) of electrode finger 35a, and the logarithm of electrode finger 35a. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since fa was mainly determined by the 
electromechanical coupling coefficient of the piezo-electric substrate 1, it decided mostly that it 
determined the quality of the material and thickness of the IDT electrode 35, and it had the problem that 
fa could not be freely set up for each SAW resonator of every on the piezo-electric substrate 1. 
Therefore, when it was going to change the pass band width of an SAW filter, it needed to solve by 
modification of the quality of the material of the piezo-electric substrate 1, or the crystal orientation of a 
wafer. Moreover, when the pass band width of an SAW filter was determined, there was no method of 
improving attenuation slope (attenuation band width of face / pass band width). 

[0008] In a conventional ladder mold SAW filter and a conventional skeleton pattern SAW filter, deltaf 
of a SAW resonator becomes settled with the electromechanical coupling coefficient of the piezo- 
electric substrate 1 to be used as above-mentioned. For this reason, two or more SAW resonators formed 
on the same piezo-electricity substrate 1 bring a result with a respectively equivalent impedance 
characteristic and deltaf, although absolute values differ. 

[0009] Therefore, it was difficult to be satisfied with the SAW filter constituted by such SAW resonator 
of both the passband property which attenuation slope is limited and is made into the purpose, and a 
damping property. Moreover, it will need to be said that the demand of the improvement in the engine 
performance to electronic parts for frequency control like an SAW filter is strong, for example, it makes 
a damping property steep in recent years, without changing the pass band width of an SAW filter as 
shown in the dotted line of drawing 6 . 

[0010] Therefore, this invention is being completed in view of the above-mentioned situation, and the 
purpose's enabling adjustment of deltaf of the SAW equipment (SAW resonator) formed on the same 
piezo-electric substrate for each SAW equipment of every, and improving a passband property, a 
damping property, etc. of an SAW filter. 
[0011] 

[Means for Solving the Problem] The surface acoustic wave equipment of this invention is surface 
acoustic wave equipment which forms the ctenidium-like electrode of a lot in the principal plane of a 
piezo-electric substrate at least, and grows into it. It is spacing with the bus bar which faces wl and said 
electrode fingertip edge in the die length of the electrode finger of said ctenidium-like electrode w2 
When it carries out, it is characterized by making a small electrode finger protrude from the bus bar 
which sets to 0.04 <=w2/wl <=0.20, and faces said electrode fingertip edge at said spacing section. 
[0012] In this invention, said small electrode finger serves as a tapered form from said bus bar towards 
said direction of an electrode fingertip edge preferably. 

[0013] Moreover, the surface acoustic wave filter of this invention is the ladder mold surface acoustic 
wave filter or balanced type surface acoustic wave filter which connects two or more surface acoustic 
wave equipments, and changes on the same piezo-electric substrate, and it is characterized by being 
surface acoustic wave equipment of the above [ at least one piece ] of said surface acoustic wave 
equipment. 

[0014] This invention does the following effectiveness so by the above-mentioned configuration. In the 
case of the lithium tantalate (LiTa03) single crystal for piezo-electric substrates, or a lithium NIOBETO 
(LiNb03) single crystal, at the intersection and the non-intersection (small electrode finger part) of an 
electrode finger of an IDT electrode, it is an electromechanical coupling coefficient k2 clearly. It differs. 
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And it is the electromechanical coupling coefficient k2 of an electrode finger part by changing a 
numerical aperture (w2/wl xl00%). It is influenced of a small electrode finger part, and decreases. 
[0015] Here, a numerical aperture and the relation of deltaf are shown in drawing 8 . At less than 4% of 
numerical apertures, although the degree of freedom on a design has the greatly large rate of change of 
deltaf, it not only cannot ignore, but [ since the effect which manufacture deflection has on a passband is 
serious, ] the yield of micro processing by the photolithography method etc. deteriorates rapidly. For 
example, if a 950MHz lithium tantalate single crystal considers, the SAW wavelength lambda has 
lOlambda extent suitable for the crossover width of face (wl-w2) of about 3.7 micrometers and an 
electrode finger in many cases, and since 4% of numerical apertures is set to about 0.15 micrometers, the 
exact formation by the photolithography method is difficult for them in under this precision. On the 
other hand, change of deltaf will be saturated if a numerical aperture exceeds 20%. 
[0016] moreover, the thing for which a RF signal is inputted from the exterior in the SAW equipment D 
of drawing 3 - the electrode finger 35a section - false — although SAW is produced - this false SAW - 
- from the SAW propagation shaft of an electrode finger 35a center section — being spread — spacing w2 
The wave which spreads the section occurs. In addition, said spacing w2 The electrode finger 35a 
section equivalent to the section is called electrode finger neck (non-intersection). As compared with the 
electrode finger 35a section, since the electrode surface product is small, this electrode finger neck is 
with SAW which spreads an electrode finger neck, and SAW which spreads an electrode finger 35a 
center section (intersection), and the speed difference produces it. Thereby, he is k2 electric machine 
joint grandchild. The same phenomenon as the case where it becomes small is shown, and deltaf 
becomes small. 

[0017] Since the resonance characteristic of a SAW resonator turns into the synthetic property of SAW 
of the electrode finger 35a section, and SAW of an electrode finger neck, deltaf is controllable by 
adjusting a numerical aperture. Moreover, when a numerical aperture is enlarged comparatively, the 
problem that the light exposure in said electrode finger neck in a photolithography process becomes 
large, and the line breadth of said electrode finger neck becomes thinner than the set point by the so- 
called halation arises. In this case, since the electric resistance of the part which became thin increases, 
the increment in an insertion loss and the fall of power-proof nature (dependability) will be caused. 
[0018] Then, when a numerical aperture is changed, in order to prevent line breadth reduction of an 
electrode finger neck, it is spacing w2. The small electrode finger which protrudes on the section from a 
bus bar, and does not touch electrode finger 35a is formed. If the configuration of a small electrode 
finger is made into the shape of same rectangle as electrode finger 35a at this time, the above-mentioned 
speed difference will become small and control of deltaf will become difficult. Therefore, thinning of 
the line breadth of an electrode finger neck can be prevented by the tapered form and forming so that 
line breadth may become narrow if it puts in another way, without losing the above-mentioned speed 
difference as a small electrode finger is gone at the tip of electrode finger 35a from a bus bar. 
[0019] When the SAW filter of this invention makes deltaf of one SAW resonator small as shown in 
drawing 6 for example, the impedance characteristic to antiresonant frequency fa will change from the 
resonance frequency fr of this SAW resonator rapidly as compared with other SAW resonators. 
Consequently, attenuation slope becomes steep while the property of an SAW filter had maintained the 
passband 7f piece. Since the attenuation pole of an SAW filter more specifically moves to 24b from 24a 
as shown in drawing 7 , the magnitude of attenuation is made to 20b from 20a. In addition, in this 
drawing, 19 is a passband and 20 is a decay area. 
[0020] 

[Embodiment of the Invention] The SAW equipment of this invention is explained below. Drawing 1 
and drawing 2 are the top views of the basic configuration of the SAW equipments D [ Dl and ] 2 by 
this invention. For an IDT electrode and 30a, in drawing 1 , an electrode finger and 30b of a small 
electrode finger and 30c are [ 30 / a bus bar and 31 ] reflectors. It is spacing with bus bar 30c of the IDT 
electrode 30 which faces wl and an electrode finger 30a tip in the die length of electrode finger 30a w2 
When it carries out, it is 0.04 <=w2/wl <=0.20 and small electrode finger 30b which protruded from bus 
bar 30c in said spacing section is prepared. 
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[0021] In the example of drawin g 1 , small electrode finger 30b is made into the shape of a triangle, as 
the dotted-line section shows, the base part of small electrode finger 30b may be made broad, or small 
electrode finger 30b may be formed rounded. Smallness electrode finger 30bb may consist of the two 
triangle-like sections, and may divide the example of drawing 2 or more into three. 
[0022] In this invention, spacing at a small electrod e fingerti p edge and the tip of electrode finger 35a 
has 0.1 5 lam bda-desirable O^SlambdaTandttie yield of micro processing by the photolithography 
metFocl^etc/deteriorates rapidly Underih 0.1 5 lambda. Moreover, since spacing of electrode finger 35a 
and a small electrode finger will spread if 0.351ambda is exceeded, thinning by halation becomes 
remarkable. 

[0023] Moreover, it is good to make area of a small electrode finger into 50% - the 150% (dotted-line 
section of drawing 1 ) as compared with the case (alternate long and short dash line section of drawing 
I ) where a small electrode finger is a rectangle-like, and it will become difficult to control deltaf, if the 
effectiveness, i.e., the effectiveness which controls thinning by halation, of giving a small electrode 
finger at less than 50% falls and it exceeds 1 50%. 

[0024] The case where this invention is applied to ladder mold SAW filter Fl of drawing 5 is explained 
below. Two pieces, serial SAW resonator 2b and 2c, constitute like drawing 1 . Drawing 6 shows the 
frequency characteristics (upper graph) of the passband of ladder mold SAW filter Fl, and the 
impedance characteristic (upper graph) of a SAW resonator. The impedance characteristic 7 of serial 
SAW resonator 2a is w2 / wl. deltaf s decreasing and holding resonance frequency 7a by having made it 
larger than before, antiresonant frequency 7b moves to a low frequency side, and is set to 7c. 
Corresponding to change of this impedance characteristic, as for the frequency characteristics of the 
passband of SAW filter Fl, the damping property by the side of a high region becomes steep. 
[0025] Moreover, the impedance characteristic 8 of juxtaposition SAW resonator 3b is w2 / wl. By 
having made it larger than before, deltaf decreases, antiresonant frequency 8b is held, and resonance 
frequency 8a moves to a RF side, and is set to 8c. Corresponding to change of this impedance 
characteristic, as for the frequency characteristics of the passband of SAW filter Fl, the damping 
property by the side of low-pass changes steeply. 

[0026] Such w2 / wl The change width of face of deltaf obtained by adjustment is LiTa03 of 42 
degree Y cut-X propagation. To deltaf decided with the piezo-electric substrate 1 which consists of a 
single crystal, it is about 10% and whenever [ of the damping property of an SAW filter / steep ] can 
fully be improved. 

[0027] Specifically, electrode finger 30a of SAW resonator 2b of two pieces of this invention and 2c is 
the die length wl of 86 pairs, 94 pairs, and electrode finger 30a about SAW filter Fl of a 900MHz band. 
Both the quality of the materials of lOlambda and electrode finger 30a use aluminum which formed 
membranes with vacuum deposition, and both the thickness of electrode finger 30a is 410nm and 
spacing w2. wl It set up to both 12.5%. Moreover, electrode finger 30a piece and electrode finger 30a 
spacing are about 1 micrometer, respectively. The frequency characteristics acquired by drawing 12 by 
this invention in the frequency characteristics of the signal level before improving to drawing 1 1 are 
shown. The damping property is improved by this invention. 

[0028] The circuit diagram of balanced type (bridge type) SAW filter F2 of the shape of a symmetry 
grid by this invention is shown in drawing 9 . This invention is applied about two SAW resonators 40 
and 41 connected to the serial arm. In addition, in this drawing, an input terminal, and 46a and 46b of 
42, two SAW resonators by which 43 was connected to the juxtaposition arm, and 45a and 45b are 
output terminals. 

[0029] The frequency characteristics of the passband of balanced type SAW filter F2 and the impedance 
characteristic of the SAW resonators 40-43 are shown in drawing 10 . The impedance characteristic 17 
of the SAW resonator 40 is w2 / wl. deltaf s decreasing and holding resonance frequency 17a by having 
made it larger than before, antiresonant frequency 17b moves to a low frequency side, and is set to 17c. 
Corresponding to change of this impedance characteristic, as for the frequency characteristics of 17f of 
passbands of SAW filter F2, the damping property by the side of a high region becomes steep. 
[0030] Moreover, the impedance characteristic 18 of the SAW arm resonators 42 and 43 is w2 / wl. By 
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having made it larger than before, deltaf decreases, antiresonant frequency 18b is held, and resonance 
frequency 18a moves to a RF side, and is set to 18c. Corresponding to change of this impedance 
characteristic, as for the frequency characteristics of 17f of passbands of SAW filter F2, the damping 
property by the side of low-pass becomes steep. 

[003 1] Such w2 / wl The change width of face of deltaf obtained by adjustmen t isXiTa03 of 42 
degreeY cut-Xj^p^g^ion ^Q ladder mold SAW filter Fl. To deltaf decided with the_pie zo-e!ectric 
substrate 1 which consists of a single crystal, it is about 10% and whenever [ of the damping property of 
an SAW filter / steep ] can fully be improved. 

[0032] Specifically, electrode finger 30a of two SAW resonators 40 and 41 of this invention is the die 
length wl of 60 pairs, 60 pairs, and electrode finger 30a about SAW filter F2 of a 900MHz band. Both 
the quality of the materials of 151ambda and an electrode use aluminum which formed membranes with 
vacuum deposition, and both the thickness of electrode finger 30a is 410nm and spacing w2. wl It set up 
to both 12.0%. Moreover, electrode finger 30a piece and electrode finger 30a spacing are about 1 
micrometer, respectively. The frequency characteristics acquired by drawing 14 by this invention in the 
frequency characteristics of the signal level before improving to drawing 13 are shown. The damping 
property is improved by this invention. 

[0033] In this invention, it consists of aluminum or an aluminum alloy (an aluminum-Cu system, 
aluminum-Ti system, etc.), and especially aluminum has high excitation effectiveness, and since 
ingredient cost is low, the IDT electrode 30 has it. [ desirable ] Moreover, the IDT electrode 30 is 
formed by the thin film forming methods, such as vacuum deposition, the sputtering method, or a CVD 
method. 

[0034] The logarithm of electrode finger 30a of the IDT electrode 30 50 to about [ and ] 200 The line 
breadth of electrode finger 30a spacing of about 0.1-10.0 micrometers and electrode finger 30a About 
0.1-10.0 micrometers, The thickness of about 10-100 micrometers and IDT electrode 30a is suitable for 
the aperture width (crossover width of face) of electrode finger 30a, when being referred to as about 0.2- 
0.4 micrometers acquires the expected property as a SAW resonator or an SAW filter. Moreover, if 
piezoelectric material, such as a zinc oxide and an aluminum oxide, is formed between the electrode 
fingers of IDT electrode 30a, the resonance effectiveness of SAW improves and is suitable. 
[0035] As a piezo-electric substrate, it is LiTa03 of 36 degrees **10 degreeY cut-X propagation. 
LiNb03 of a single crystal and 64 degreeY cut-X propagation LiB 407 of a single crystal and 45- 
degreeX cut-Z propagation Since [ that an electromechanical coupling coefficient is / a single crystal 
etc. / large and ] the group delay temperature coefficient is small, it is desirable, and it is LiTa03 of the 
36 degrees **10 degreeY cut-X propagation especially with a big electromechanical coupling 
coefficient. A single crystal is good. Moreover, sufficient piezo-electric property is acquired in that case 
that the cut angle in crystal Y shaft orientations should just be within the limits of 36 degrees **10 
degrees. The thickness of a piezo-electric substrate has about 0.1-0.5 goodmm, a piezo-electric substrate 
becomes weak in less than 0.1mm, and ingredient cost becomes large in 0.5mm **. 
[0036] In this way, while the SAW equipment of this invention can control deltaf by adjusting the 
numerical aperture (w2/wlxl00%) of the electrode finger of an IDT electrode, when it forms an IDT 
electrode at a photolithography process, it can prevent that an electrode finger neck carries out thinning 
and an SAW filter is constituted from SAW equipment of this invention, it has the operation 
effectiveness that the damping property of a passband edge is improved. 

[0037] Furthermore, of course in the SAW filter of this invention, it is [ that what is necessary is just to 
have at least one SAW equipment which set to 0.04 <=w2/wl <=0.20 and formed the small electrode 
finger ] good also considering all SAW equipments as the above-mentioned configuration. Moreover, 
SAW equipment or an SAW filter may be prepared in both the principal planes (front rear face) of a 
piezo-electric substrate. 

[0038] In addition, this invention is not limited to the above-mentioned operation gestalt, and 
modification various by within the limits which does not change the summary of this invention does not 
interfere at all. 



[0039] 
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[Effect of the Invention] This invention is spacing with the bus bar of the IDT electrode which faces wl 
and an electrode fingertip edge in the die length of the electrode finger of an IDT electrode w2 When it 
carries out, While being 0.04 <=w2/wl <=0.20 and being able to control deltaf of SAW equipment by 
having made the small electrode finger protrude from said bus bar in said spacing section When forming 
an IDT electrode at a photolithography process, and it can prevent that an electrode finger neck carries 
out thinning and an SAW filter is constituted, the damping property of a passband edge is improved. 



[Translation done.] 
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